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ABSTRACT

Federil new source performdnce standards governing emission frem sta-
tionary sources require that emissions from fossil-fuel-fired steam
generating units of 250 X 106 Btu/hr heat input be expressed in terms

of 1b/106 Btu heat input. Many State and local requlations also reguire
the same expression to be used. To express emissieons in these terms ro-
quires that the following be determined: (1) pollutant cencentration,
(2) efiluent volumetric Tlow rate, and (3) heat input rate (fucl rate X
fuel heat content). An alternative method is presented in this paper

for calculating emission rates in terms of ]06 Btu heat inputl without de-
termining (2) and (3) above. Constants for respective fossil fuels are
presented that permit (1) the calculation of emission rates without the
measurement of dry effluent volumeiric flow rate and heat input rate, (2)
the checking of sampling data accuracy for (1) vhen these quantities are

measured, and (3) the checking of accuracy of prorimate end ultimate analyses.



METHOD FOR CALCULATING
POUER PLANT EMISSION RATE
By
R. T. Shigchara, R. M. Heulicht, and W. S. Smith

Introductien

In the final State Implementation Plans submitted by the 50 States,
the Disirice of Coluwbia, Puerto Nico, American Sampa, Guam, and the
Virgin Islends in response to the 1970 Clcan Air Act, most of the requ-
lations Tar the control of perticulate, sulfur dioxide, and nitrogen
oxide emissions from fuel burning sources are expréssed in pounds of
emissions per milljon Btu of heat input (1b/106 Btu)T. The Federa) Hew
Source Performance Standard52 regulating the seme pollutants frém fossi)
fuel-fircd steam cenerating units of more than 250 miilion Btu/hr heat
input are eapressed in the same terms. To arrive at this expression, the
Federal performence stendard regulatioas c¢all for the determination of the
pollutent concentration (C), the effluent volumetric Ylow rate (Os), and the
heot innut rate (QH). In addition, the heat input rate wust be confwrmed_Ly

a materinl balenco over the stcem gonergior System,

The purpose of this paper 15 to presert an alternetive mechod for arvive
ing with {onyroved acceracy at the expressicn of 1h/106 Dlu called Jor by the
Stac o0 foderal vamulations oithout hav' o Lo detorming efflucat o045 volu-

moirce i rate, Tee) rate, or Tuel hsaw content.



Derivation of the F-Factor Method
Standard Method
In the standard method of calculating emission rates as published in

the federal Registcr:2
C 0S

= Qa——' (1)

pollutant cmission, 1b/106 Btu.

1t

where: E
C = pollutant concentration, d%y'basis, 1b/sctd.

dry effluent volumetric {low rate, scfd/hv.

L
w
N

QH = heat input rate, 106 Biu/hr.

F-Factor Method
Hhen the laws of conservation of mass and encray are applied, the

following must hold true:

- v /
g§. 20,9 - ¥ 02 ) \S (2)
QH 20.9 HHY
wherce: V_ = theoretical dry combustion producis per pound of fuel burned,

S
scfd/1b.

HHV = high heating value, 106 Btu/1b.
20,9 - % O2 ' ‘
T = excess air correction factor.
Solving Fquation 2 for the ratio OP/DH and substituling in*o [quation 1
yielcs:

Vq v 209

- 5 AL £
L= C G Gyt “z) (2)



The amouni of dry cffluent qas (VS) generated by combustion of a fossil
fucl can easily be culculated from the ultinmate analysis. The high heating
value can he obtained from the proximate analysis. The ratio, F, belween VS
and HHY can be calculated for various fossil fuels; F is the effluent qas

4

generated per 107 Btu heat content:

v
F = mv(rooy (4)

Values 7our F calculated {rom data oblained from the Titerature arc
summarized in Table I. Of course, this ralio can be calculated for each
speciiic case, but the dry effluent per 104 Biu veries no more than about
+ 3 % within a fuel category. For this recason, these ratios uill be
considercd as constants and will hereafter be called "F Factors," The use
of these I' Factors, as will be discussed later, eliminates the necd for
ultimate and proximate analyses. A list of average F lactors derived

from Table I is shown in Table II,

(O8]



Table 1

F Factlors for Fossil Fuels
(Calculaicd 7rom Data
in Literaiure)

Tuel Lt [Sampies, | Ava.,,| Max. Dev.
Source| Ho. scfd/lo'}r-——
Btu® - (s) | (=)
Coal
fnihracite 3 3 101.0 2.4 1.2
¢ 1 102.8 - -
Total
or avg. ! 101.4 2.0 1.6
Bituminous 3 B 87.5 1.4 1.
J) 44 97.5 2.1 2.4
6 38 o8.7 1.4 1.2
7 13 28.9 1.5 1.1
8 39 88.6 2.3 1.4
9 26 g8.2 2.1 1.2
10 57 98.0 1.0 1.2
4 1 04.3 - -
Lignite 3 1 a7.5 - -
5 2 99.4 1.0 1.0
Total
or avg. 229 98.2 2.7 3.1
0i1
Crude 11,12 6 G1.9 1.9 2.6
f 1 02.0 - -
Rosiduun 12 4 93,1 1.¢ 2.
Bisvillate 17 fa 97,/ 0.5 1.5
rusl 11 9 61,5 1.6 1.3
Total
oy ewva, 1 ¢2.2 7.e 3.0
(s
oLl N 1 o0 - -
. A Ny 0Ly
Cooe L0020 A R 0.7 0.1
ARV
AR AN B ! gLy 0.3 0.3
bruitare
Teral !
or Va. q vy .4 2.2 1.2
NI B l



Table 1I. Aversae T Factors®

Fuel F Factors
) scfd/10% Bud
Coal-anthracite 101.4
Coal-bituminous, lignite 98.2
011-crude, residuim, distiliate, fuel oil a2.2
Gas-natural, butane, propene 87.4

aDer‘ived rirom Table T,

bStandard conditions are 70°T, 29,92 in., Hg, and 0 % excess air.

Use of F Factors
Emissioin Rate Calculation

{then QS end QH are not mzasuroed o are uneniainable, T Faciors canh be used

to calculate T, Substituting Equation 4 into Eciation 3 vue oblain:

where: F ow F Facior from Teble 11, in serd/10% bu.

Equation b shows that L can bo obiained vy ¢lwply roosuring the pollutent
concentratios end porcentego onyocy nd by kot oho vpo ol Tuel bzing burned,

Q\ ainad QH are o longer reguired,

Fater s 1 Bader ro (oner
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Ffuel Analysis Check

If ultimate and proximate analyses are maede, [ Factors can be used
to check the accuracy of such analyses by comparing, them with VS/HHV which
is the calculated arount of dry efvivent gas generated per 104 Biu heat

content.

Discussion
In the present mothed for calculating power plant emission rates, four
separate quantities must be determined, each of which requires at least two

measurcaents, as shown in Table III.

Table TI1I
Quantities and leasurcmenis Required
For Calculation of Power Plant
Lmission Rates {Requlacion Hethod)

Quantity Used Quantity l'czsured

1. Pollutant cuncentration, C a. Pollutanl mass
b. Dry cas volrme

2. Litiucnc velumowic 1104 a. Velocitly hoad
rate, Qq b, Stack {eopere e
) ¢, Sozdlopr oanure

d. Dry ax, comasition
(Qeezty 7 D000 5 06y N
e, I'ojsivvr cone onl taseiiee
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2(a-0))
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Frem Table ITT, it is obvious that the use of I Factors in calculating
E requires fewer measurements than are required by methodoloay in current
usce, Because there are fewes measurements, the inaccuracies attendant to
measuring items 2 throuch 4 {except for 2d) are nes included in the final
results. Granted that those ieasurements in 2 must be made for isokinetic
sampling, but the errors wmaae co not contribute divcctly to the emission sion-

dard calculaticn.

Conclus.on
It has been shown that, for a given tyne of fuel, a relationship exists
between the fuel heat valuc and dry effluent that parinits a constant (F Factor)

to be calculated within 4 3 ¢ deviation,

This impYies that: {1) pollulant emissions in 1h/106 Btu can be easily

calculated wen only pollutant concentration, 02 concentration, and fuel type
are known, thus climinaling the need for neasuring efflueat volumeiric flov rate
and hkeat inpuc rate; (2) he incensistencics that arise in measurina the heat
input rate cro elimineted viile ot 1St a mexinum ervror of 3 ¢ may be pronsnated
from the F Fectar o the poYlutons emission rator and (2) if efiluent voluietric
flov rate (Os) Sud oheat innus rare (Q”) are peaured, an Foofoctir can be cal-

cultoriod Tror 2osavalurs foo Codoaod v the 7 obocior oo arass dalonne oeck,

In shoct, use of tae i Tecre » avides a vyl 0 Tess comnlo v than the oo

3 : . 0 W dy ey el
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